Objective: We used epidemiologic data of clinical periodontal status from two population-based samples in two countries, United States and Germany, to examine 1) the impact of age on the relative contribution of recession and pocketing on the distribution of clinical attachment loss, and 2) whether it is feasible to define age-dependent thresholds for severe periodontitis. 2012. NHANES used a full-mouth examination protocol to collect data on recession (R), pocket depth (PD) and clinical attachment loss (CAL) for six sites/tooth on a maximum of 28 teeth; SHIP-Trend used a half-mouth examination at four sites/tooth. In both samples, percentile distributions of mean CAL/person were generated for each 5-year age interval. Age-dependent thresholds defining the upper quintile of mean CAL were calculated for both samples. The topographic intraoral distribution of CAL and the relative contribution of R and PD on CAL was assessed.
INTRODUCTION
It is estimated that severe periodontitis affects 11% of the world population with prevalence increasing by age. 1, 2 There has been considerable discussion over the years regarding the role of age as a risk factor or risk indicator for periodontitis. A risk factor is an attribute or exposure that increases the likelihood of developing a disease or injury in an individual. Conceptually, risk factors are part of the causal chain with exposure to the risk factor occurring before the outcome, and can be modifiable (e.g., lifestyle factors) or non-modifiable (e.g., genetic factors). In contrast, risk indicators are characteristics that are associated with a disease or condition without being etiologically related, and for which temporality or direction of the observed relationship remains unclear. 3 The influence of age on periodontitis is complex. While the likelihood of developing periodontitis increases with age in populations across the globe, suggesting that age is an important risk indicator, 4 aging per se is not necessarily a risk factor, 5, 6 but likely a health determinant, or the underlying characteristic of a group that shapes the health of individuals and populations. 21 As such, aging can account for a substantial part of the variance of periodontitis in the population and can influence incidence rates.
Although severe periodontitis can occur throughout the life span, it is estimated that the global incidence of severe periodontitis peaks around the age of 38 years. 1 Because age may increase susceptibility to the onset of periodontal disease and its progression, there have been many attempts to incorporate age-as a risk factor/indicator or determinantinto risk assessment tools for the prevention of periodontal disease progression. 7 A high-utility risk assessment tool can improve screening for disease and may improve diagnostic decision-making for clinicians. However, understanding the distinction between the cause of disease in individuals and the cause of patterns of incidence in a population is important because effective disease mitigation may require distinct prevention strategies. 8 More importantly, recognizing the role of a characteristic as a risk factor or health determinant informs the diagnostic process.
A disease is diagnosed in a patient based on a constellation of signs, symptoms, clinical and/or laboratory tests. Such criteria used by clinicians in the diagnosis and treatment planning are commonly known as diagnostic criteria. However, diagnostic criteria and classification criteria are not synonymous. Classification criteria are developed with the goal of utilizing standardized case definitions, facilitating comparability between studies and consequently generating uniformity in interpretation of study results. Classification criteria are not designed to characterize every single patient with a unique set of disease manifestations but rather to set a foundation to aggregate a majority of patients with specific phenotypes into a category. The main attribute of a classification scheme is to have high specificity, that is, to ensure that healthy people are not misclassified as having disease. However, if both the sensitivity and the specificity of a classification system approach 100%, then these classification criteria may also serve as diagnostic criteria. Nevertheless, given that classification criteria are not designed to have an accuracy of 100%, it is inevitable that a certain proportion of patients will be misclassified, hence why classification criteria are not meant to be used to diagnose disease in a particular patient or to guide treatment planning. To avoid introducing error in study design that can compromise validity, classification criteria for diseases must be developed utilizing empirical evidence-driven methodologies and should not be based on expert opinion alone.
The evolution of classification criteria for periodontal diseases over the years has been shaped by a rich discussion in the scientific community. Our understanding of the pathobiology of periodontitis has changed over these years and the expansion of new knowledge is generating the need to revisit the existing classification criteria. In view of the upcoming World Workshop for a revised classification of periodontal and periimplant diseases and conditions organized by the American Academy Periodontology (AAP) and the European Federation Periodontology (EFP), and given the ubiquity and state of equipoise over elements of the classification system, the purpose of this study was to critically ascertain the association between age and periodontitis in an empirical evidencedriven manner. Specifically, our objectives were to address the following questions: 1) how does age affect the distribution of periodontitis in the general population, and 2) is it feasible to define age-dependent thresholds for severe periodontitis. Epidemiologic data from two population-based samples in two countries, United States and Germany, were used to address these questions. 
METHODS

Study Populations
We used data from the National Health and Nutrition Examination Survey (NHANES), for years 2009 to 2014 and from the Study of Health in Pomerania (SHIP-Trend) for years 2008 to 2012. NHANES is a population-based cross-sectional survey conducted in the United States by the National Center for Health Statistics (NCHS), which is part of the Centers for Disease Control and Prevention (CDC). 20 The survey uses a stratified, multistage, cluster sampling design with the noninstitutionalized civilian resident population of the United States as the target population. Approximately 5,000 sampled participants of all ages are interviewed in their homes and undergo a health examination in Mobile Examination Centers (MEC). Dental examinations, including full-mouth periodontal examinations involving participants aged ≥30 years, were conducted by trained dental examiners on the MEC. Details on NHANES methodology, the oral health component, and related data quality assurance may be found elsewhere. 9, 10 The NHANES 2009 to 2014 interviewed 30,468 people, of which, 9,667 were edentulous, and 9,393 did not have a periodontal examination and were therefore excluded, resulting in a total of 10,713 participants for analysis in this study (see SHIP-Trend is a large population-based longitudinal survey conducted in Germany. SHIP uses a stratified, random sampling design with a target population for community dwelling persons between ages 20 and 79 years in Pomerania, a region in northeast Germany. The survey uses interviews, questionnaires, and a physical examination to collect a broad range of health data, including oral health data. Details on SHIP-Trend methodology may be found elsewhere. 11 
Periodontal examination
Between 2009 to 2014, NHANES conducted a full-mouth periodontal examination (FMPE) among those ≥30 years who did not have a health condition that required antibiotic prophylaxis prior to periodontal probing. The FMPE was undertaken with the intent to produce gold standard assessments for clinical attachment loss (CAL). Direct measurements of the distance between the cemento-enamel junction and the free gingival margin (CEJ-FGM) and the pocket depth (PD) at six sites (mesio-buccal, mid-buccal disto-buccal, mesio-lingual, mid-lingual and disto-lingual) for each tooth (excluding third molars) were made. All measurements were rounded to the lower whole millimeter. CAL was calculated based on these two measurements.
SHIP-Trend involved a partial-mouth periodontal examination (PMPE) randomly selecting the right or left side and carried out probing assessments at only four sites per tooth (the disto-lingual and mesio-lingual sites were not assessed). 12 The assessment of PD employed direct measurements. However, for the assessment of CAL, either direct or indirect measurements were used, depending on the position of the CEJ relative to the FGM. If the FGM was located coronal to the CEJ, CAL was calculated as the difference between PD and the distance between FGM and CEJ. If the FGM was located apical to the CEJ indicating clinical recession, CAL was directly measured as the distance between CEJ and the base of the pocket.
In both studies, where the determination of the CEJ was indistinct (wedge-shaped defects, fillings, and crown margins), CAL was not recorded.
Study variables
Age in years was categorized into 10 groups: 30 to 34, 35 to 39, 40 to 44, 45 to 49, 50 to 54, 55 to 59, 60 to 64, 65 to 69, 70 to 74 and ≥75 years. When participants were initially selected for the SHIP study, the age target was 20-79 years. Because some individuals participated at later stage, the age range at time of examination extended to 83 years. Age eligibility for a periodontal examination began at age 30 for NHANES and there was no maximum age, but individuals aged ≥80 years were top-coded at 80 years of age for public data use. In all subsequent figures and tables, "clinical recession" refers to the clinical presentation where the FGM was located either at (clinical recession of 0) or apical to the CEJ (clinical recession > 0). All figures presented as stacked histograms convey two conditions: CAL (the entire length of the bar) and clinical recession (the portion of CAL attributed to clinical recession; blue portion).
Statistical analysis
Exploratory data analysis was performed to ascertain the relationship between age and the three clinical measures of periodontitis, namely recession (R), pocket depth and CAL. Analyses were conducted using survey weights and design variables to account for the sampling design to produce representative estimates for both United States and Pomerania, Germany. Analytical datasets included those dentate, with tooth count ≥2, and age ≥30 years. Mean R, PD, and CAL across 28 teeth, for each individual and the total sample were computed. Percentiles with a step of 5 for mean R, PD and CAL were computed to arrive at cumulative distributions for the total sample and each age category, with the contribution of R to CAL plotted in stacked histograms. Mean number of sites (each individual could have maximum of 6 × 28 = 168 sites affected) with CAL ≥4 mm, PD ≥5 mm and R ≥3 mm was computed for each age category. In addition, data of the top 20% (upper quintile) of mean CAL were analyzed separately for the total sample and each age category. Stacked histograms of these upper quintiles were generated to indicate the distribution of the contribution of R to CAL by site. Finally, the linear relationship between mean R, mean PD, mean CAL and age were explored and linear regression lines were fitted. All analyses were undertaken using Stata/SE 14.0 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP) and SAS (SAS Institute Inc, Cary, North Carolina version 9.4).
RESULTS
Findings from NHANES 2009 to 2014
The mean age of the study population was 50.9 years (SE: 0.25), with the majority falling within the age range of 30 to 59 years (Table 1) . Within this age range, the population was fairly equally distributed among each of the six 5-year age categories (∼12%). Age categories within the age range of ≥60 years constituted ∼27% of the total sample. The majority of the population was non-Hispanic Whites (68.4%), had some education beyond high school (63.8%). Figure 1A shows the mean CAL, PD, and clinical recession for each age group. Mean CAL ranged from 1.3 mm in the youngest age group (aged 30 to 34 years) to 2.3 mm in the oldest age group (aged ≥75 years). Average mean clinical recession steadily increased with age and was lowest in the age group of 30 to 34 years (Average: 0.1, SE: 0.2) and highest in the age group of ≥75 years (Average: 1.0, SE: 0.9). Unlike mean CAL and mean recession, the mean PD was fairly constant across age groups; thus, the 30-to 34-year age group had a mean pocket depth of 1.5 mm (SE: 0.5) and the ≥75-year age group had a mean PD of 1.50 mm (SE: 0.5). Thus, it appears that the observed increase in mean CAL with age was primarily driven by increased recession.
The pattern of mean recession, pocket depth and clinical attachment loss per participant is investigated in greater detail in Figure 2A , which presents boxplots of their distribution across age groups. The box boundaries identify the 25 th and 75 th percentiles, the horizontal line within the box represent median value, the whiskers define the interval between the 25th percentile minus 1.5 times the interquartile distance and the 75th percentile plus 1.5 times the interquartile distance, and the dots depict the outliers. When evaluating clinical recession by age group, the median value of subjectbased mean recession gradually increased with age as did the interquartile range. Unlike recession, the interquartile range and median value for subject-based mean PD remained relatively stable across all age groups, as illustrated by the minimal difference in the size of the boxes across the age groups. For CAL, the increase in the median value of subject-based average attachment loss was minimal across the age groups, but the interquartile range increased with age, especially in ages between 45 to 64 years where this increase appeared to be more dependent on the third and fourth quartiles.
When the cumulative distribution of the entire sample with respect to mean CAL was analyzed ( Figure 3A) , it was observed that 95% of the sample had a mean CAL of ≤4.2 mm and a mean clinical recession of ≤2 mm. In contrast, persons in the top 5% of the population had a mean CAL of 11.4 mm and a mean clinical recession of 7.8 mm. In 75% of the sample, the mean CAL did not exceed 2.2 mm. When stratified by age ( Figures 3B through 3K) , 95% of the 30-to 34-year olds had a mean CAL of ≤2.5 mm and a mean clinical recession of ≤0.3 mm while the top 5% reached a mean CAL of 6.0 mm and a mean clinical recession of 2.5 mm. In contrast, 95% of the oldest participants ( Figure 3K ) had a mean CAL ≤4.5 mm and a mean clinical recession of < 2.7 mm, whereas the top 5% had a mean CAL of 11.1 mm and a mean clinical recession of 6.7 mm. When comparing across the lifespan by age group, the contribution of recession to CAL appeared to increase substantially between 35 and 54 years with the mean recession increasing from 3.9 mm (aged 35 to 39 years, Figure 3C ) to 7.8 mm (aged 50 to 54 years, Figure 3F ) for the top 5% of the sample. Table 2A shows the mean CAL, average number of sites with CAL ≥4 mm, average number of sites with PD ≥5 mm, average number of sites with clinical recession ≥3 mm, and mean number of missing teeth for all participants in the sample, as well as those in the upper quintile of mean CAL by age group. For example, in the 30-to 34-year old age group the upper quintile of CAL had a mean CAL of 2.6 mm and an average of 25 sites per person with CAL ≥4 mm, whereas in the overall sample the mean CAL was 1.3 mm and the number of sites affected by CAL ≥4 mm was 4. In ages 55 to 59 years, individuals in the upper quintile had a mean CAL of 3.5 mm and an average of 38 sites with CAL ≥4 mm, versus a mean CAL of 2.1 mm and 16 sites with CAL ≥4 mm among similarly aged individuals in the total sample. Persons in the youngest age group averaged about one missing tooth and this number increased to nine for persons in the oldest age group. In contrast, those aged 30 to 34 years in the upper quintile group averaged about two missing teeth whereas those aged ≥75 years were missing an average of 12 teeth.
When we further analyzed the distribution of average CAL in the upper quintile by tooth type and site location (distofacial, mid-facial, mesio-facial, disto-lingual, mid-lingual and mesio-lingual), it was observed that across all six sites, the average CAL was generally lower for maxillary anterior teeth compared to the remaining dentition (Fig. A, Appendix) . Average CAL was notably higher in the mid-lingual and mesio-lingual sites of lower anterior teeth. Clinical recession showed a variable pattern, but was more pronounced across most of the mid-facial sites and mid-lingual (predominantly among anterior teeth) sites.
When similar analyses were undertaken for individuals in the upper quintile in each age group separately (Figs. B through K, Appendix), it was observed that, in the youngest age group, predominantly mid-facial and mid-lingual sites were affected by recession. However, as age increased, interproximal sites were increasingly affected by recession, although the portion of CAL attributed to PD was relatively stable across age groups.
Findings from SHIP-Trend 2008 to 2012
SHIP-Trend participants were on average 51.9 years old (SE: 0.23), with the majority falling within the age range of 40 to 59 years (Table 1) . Within this age range, proportions peaked at 45-49 years (16%). Subjects aged ≥60 years constituted ∼27% of the total sample. Ethnicity of the study population was European Caucasian. The majority had 10 years of schooling (54.8%). Figure 1B shows mean CAL, mean PD, and mean clinical recession across age groups. For mean CAL, averages ranged from 1.2 mm in the youngest age group (aged 30 to 34 years) to 4.6 mm in the oldest age group (aged 75 to 83 years). Mean recession steadily increased with age and was lowest in the age group of 30 to 34 years (mean: 0.05, SE: 0.1) and highest in the age group of 75 to 83 years (mean: 1.9, SE: 1.3). In contrast, mean PD was fairly constant across age groups, with the 30-to 34-year age group having a mean PD of 2.3 mm (SE: 0.4) and the 75-to 83-year age group having a mean PD of 2.8 mm (SE: 1.0). Consistent with NHANES findings, the observed increase in mean CAL with age was primarily driven by increased recession.
Distributions of mean recession, mean PD, and mean CAL per participant were more closely investigated in boxplots of their distribution across age groups ( Figure 2B) . The median of subject-based mean recession steadily increased with age as did the interquartile range (i.e., the box height). Unlike recession, the median value for subject-based mean PD increased up to ages 45 to 49 years and then remained relatively stable across the older age strata. Also, interquartile ranges doubled between the youngest and the 45-to 49-year age group and remained constant thereafter. For CAL, the median value of subject-based mean CAL increased substantially across the age groups as did the interquartile range.
When subjects were grouped according to 5%-percentiles of the entire sample with respect to mean CAL ( Figure 3L) , it was observed that 95% of the sample had a mean CAL of < 5.5 mm and a mean clinical recession of < 2.1 mm. In contrast, for people in the top 5% of the sample, a mean CAL of 7.2 mm and a mean recession of 3.3 mm was observed. In 75% of the sample, the mean CAL did not exceed 3.4 mm. When stratified by age ( Figures 3M through 3V) , 95% of the 30-to 34-year olds had a mean CAL of < 2.3 mm and a mean recession of < 0.1 mm. In the top 5% group, mean CAL was 2.9 mm and mean recession was 0.2 mm. In contrast, 95% of the oldest participants (3V) had a mean CAL < 7.2 mm and mean recession of < 3.6 mm. In contrast, the top 5% mean CAL was 9.5 mm and the mean recession was 4.3 mm. Thus, the contribution of recession to CAL appeared to increase dramatically over the whole age range with the mean recession increasing from 0.2 mm to 4.3 mm, respectively, for the top 5% of each age-stratified sample. ≥4 mm, 6.8 sites with PD ≥5 mm, 6.7 sites with recession ≥3 mm and 11.9 missing teeth in the upper quintile of the corresponding age group.
We further analyzed average CAL levels in the upper quintile group by tooth type and site location (disto-facial, mid-facial, mesio-facial and mid-lingual). Across all four sites, the average CAL was generally higher for posterior than anterior teeth, except for anterior mandibular teeth (Fig. M, Appendix) . Average recession varied among sites and teeth, with more pronounced recession occurring at midfacial and mid-lingual (predominantly among posterior maxillary and anterior mandibular teeth) sites. The average contribution of PD to CAL was lowest at mid-facial sites, followed by mid-lingual sites, and highest at interproximal sites.
When similar analyses were repeated for the upper quintile within each age group, (Figs. N through X, Appendix) , primarily mid-facial and mid-lingual sites were affected by recession in the youngest age groups. As age increased, interproximal sites were equally affected by recession. Across all age groups, in participants in the upper quintile of attachment loss, the contribution of PD to CAL was lower at facial and lingual sites as compared to interproximal sites.
DISCUSSION
Our primary aim with this study was to attempt to generate age-dependent thresholds of periodontitis severity, using an empirical evidence-driven epidemiologic approach derived from two population-based studies of clinical periodontal status. To provide some context, one currently adopted definition of "severe periodontitis" is based on a specific threshold of linear clinical attachment loss (> 5 mm). 13 An alternative commonly used definition of "severe periodontitis", developed by the American Academy of Periodontology and the Centers of Disease Control calls for presence of ≥2 interproximal sites with ≥6 mm CAL (not on the same tooth) and ≥1 interproximal sites with ≥5 mm PD. 14 Neither approach is ideal because the same level of attachment loss or pocket depth at different ages can signify vastly different levels of risk for disease progression and tooth loss. 15 Moreover, use of the above definitions in epidemiologic studies has resulted in questionably high estimates of the prevalence of severe periodontitis, especially in older age groups. 16 Therefore, the alternative strategy adopted in this study was to 1) examine in detail the cumulative distribution of attachment loss in two different population samples across the age spectrum, 2) identify within each age group subsets of individuals mostly affected by attachment loss, and 3) quantify thresholds of mean attachment loss which, if exceeded, identify individuals whose periodontitis severity is disproportionate to their age. Overall, mean attachment loss was higher in the Pomeranian than in the US sample across all age groups (Figures 1A and 1B) , although individuals in the upper 5% of the NHANES sample displayed substantially higher average mean CAL than their SHIP-Trend counterparts ( Figures 3A  and 3L ). However, common patterns were identified in the two populations, including a linear association of CAL with age. Interestingly, PD appeared to be the main contributor to CAL in ages up to 44 years, but in the older ages the contribution of recession to CAL increased substantially. As demonstrated by the cumulative distributions of CAL by age, for every 5-year age group in the US sample, there was a subset of the sample (at least half), where the mean attachment loss did not exceed 2 mm in each age cohort. In Pomerania, approximately a quarter of the sample had a mean attachment loss of approximately ≥3 mm. Importantly, in these cohorts, attachment loss was mostly a result of pocket depth. However, on the other end of the continuum, the slope of the percentile distribution curve changed dramatically and the upper 10% to 20% subset of the sample showed substantially higher mean CAL. In this group, the mean CAL exceeded 2 mm in both the United States and Pomerania across all age groups.
A steeper increase in average CAL in percentiles above the median was noticeable in ages over 45 to 49 years, where recession, rather than pocket depth, gradually accounted for an increasing portion of clinical attachment loss. Although the median scores of the mean CAL increased with each age group in both the United States and Pomeranian population, the rate of increase was higher in the SHIP-Trend sample (Figures 2A and 2B) . In both populations, the rate of increase of CAL by age was mirrored by a similar trend in recession. In nearly all age groups from both populations, adults in percentiles below the median had PD accounting for more than half of their mean CAL.
Interestingly, our data demonstrate that the mean PD remains fairly consistent across the lifespan. Furthermore, as illustrated by the boxplots, the median scores of mean PD showed little variation across age groups. Equally important, the interquartile range remained consistent across age groups, suggesting no differential change in PD by increasing age in the majority of the participants in both the United States and Pomeranian samples.
Since the NHANES and SHIP-Trend populations displayed significantly different levels of periodontitis, thresholds for mean attachment loss based on population percentiles were obviously different in the two samples. Although the threshold values for mean CAL in the upper quintile in NHANES and SHIP-Trend were very close to each other in the two youngest age groups (2.58 mm and 2.98 mm vs. 2.26 and 2.94 mm), these thresholds diverged substantially in older ages. In NHANES, the upper quintile CAL threshold values increased gradually after the age of 40 to 44 years, peaked at 3.58 mm at age 65 to 69 years, and were somewhat lower in the two older age groups (3.40 and 3.25 mm), partly also because of an increasing number of missing teeth. In contrast, in SHIP-Trend, the upper quintile mean CAL values increased linearly and more steeply with age and peaked at 7.20 mm at the oldest age group. Thus, "universal" age-dependent thresholds of periodontitis severity by age may be better defined by the magnitude of the attachment loss per se rather than by a specific percentile distribution cut-off.
Nevertheless, it must be realized that utilization of such thresholds obviously requires full-mouth assessments of clinical attachment loss which is time consuming and relatively uncommon in everyday clinical practice. We therefore sought to examine in more detail the clinical periodontal characteristics of those individuals who were identified as belonging to the upper quintile of their age group with respect to mean CAL. Thus, the value of the data presented in Tables 2A and  2B , as well as in the Appendix graphs that visualize the toothand site-specific patterns of CAL, lies with their potential to provide surrogate markers that can be employed in the identification of individuals in the upper quintile of mean CAL, in the absence of full mouth CAL. For example, it would be useful to attempt to employ easily assessable measures of periodontal status, such as number of missing teeth, number of pockets beyond a certain depth, or number of sites with visible recession exceeding a defined threshold to identify individuals in the upper quintile of CAL. Obviously, the development of such a predictive tool has to undergo a formal validation process before it can be implemented, and is beyond the scope of the current work.
Alternatively, validation of these thresholds should include a longitudinal assessment examining whether identified individuals ran a higher risk of tooth loss due to periodontitis, in a manner analogous to the utility of hypertension thresholds generated in the Framingham Studies to predict incident cardiovascular disease or mortality. 17 These subsequent analyses should be carried out in existing longitudinal data sets from different population samples to examine whether there are "inherent" age-dependent thresholds of periodontitis severity, beyond which tooth loss is inevitable.
Furthermore, the Appendix graphs provide a clear illustration of the commonalities in the relationship between recession and CAL in specific teeth and periodontal sites in NHANES and SHIP-Trend. In both populations, individuals in the upper quintile of CAL showed highest average CAL and recession at the lower anterior teeth and posterior molars. In both populations, the disto-facial aspect of the upper first molar and the mesio-facial of the upper second molar showed the highest average CAL. Lower anterior teeth consistently presented with high levels of clinical recession. Our study has important strengths, notably the fact that it is based on two large population-based national surveys from two developed countries. Although NHANES is based on a FMPE assessing 28 teeth at six sites per tooth, thereby providing an accurate estimation of the prevalence of periodontitis in the US population, SHIP-Trend is based on a PMPE assessing four sites per tooth, which may have resulted in underestimation of prevalence. However, given that the focus of our study was the age-dependent distribution of CAL and related periodontal measures rather than assessment of prevalence of periodontitis within the respective populations, it is unlikely that this methodological limitation has had any substantial impact on our findings. Moreover, the study does not attempt to make any causal inferences on the role of age on periodontal status due to its cross-sectional design. The study samples were limited to adults aged ≥30 years, consequently, age-dependent patterns of CAL in younger individuals were unascertainable. Both studies excluded those with a medical condition that would require antibiotic prophylaxis prior to probing and institutionalized individuals, therefore, a segment of the population with potentially more severe periodontitis may have not been assessed. Nevertheless, it is unlikely that the age-dependent distributions of CAL generated in the study would be substantially different, had these individuals been included in the samples examined.
Lastly, we note that the NHANES and SHIP-Trend populations showed substantially different levels of periodontitis severity, a finding that is likely attributed to cohort effects. Typically, cohort effects are driven by age, as age and related period effects can be a strongly associated, resulting in confounding. However, the mean age of both populations did not differ substantially (51 vs. 52 years) and the sample sizes among the analyzed age groups were similar. Additional attributes, rather than age, that were unique to each population and are more likely underlying the cohort effect include social/political/economic conditions, access to care, and exposure to important risk factors such as cigarette smoking. In the United States, cigarette smoking has been declining and only 18% of the NHANES sample analyzed in this study were current smokers. In contrast, smoking was more prevalent in the SHIP-Trend cohort, with > 35% of the participants being current smokers. Because the population attributable risk for periodontitis due to smoking is high, the differences seen in periodontitis severity between the two countries can be attributed to a large extent to differences in smoking. Tooth loss was also different between the two populations and could have contributed to a cohort effect as well. Although loss of periodontitis-affected teeth can conceivably result in "healthy tooth survivor" effects, it has been shown that individuals with fewer remaining teeth have higher mean CAL and PD measures. 18, 19 However, the reasons underlying the observed differences in periodontitis severity between NHANES and SHIP-Trend was not the main purpose of this report which rather focused on illustrating patterns of attachment loss by age.
Our study is an exploratory, initial step towards introducing empirical evidence-driven, age-dependent thresholds for severe periodontitis. It provides detailed evidence that age is a significant determinant of the clinical presentation of periodontitis, and demonstrates that the relative contribution of pocketing and recession to total attachment loss differs with age. At the same time, the substantial phenotypic variability within each age group strongly suggests that exposures other than age are pivotal in determining susceptibility to periodontitis. Additional data from other populations must be used to augment the generalizability of the present findings.
